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Abstract
Background: The aim of this study was to investigate effects on perceived exertion, work ability self-reported neck pain
and clinically diagnosed conditions in the neck, of an intervention with prismatic spectacles among dental personnel.
Methods: In this cohort study a baseline questionnaire including questions about frequency of neck pain, perceived
exertion during work and background information was distributed to dental personnel in municipal dental care units.
In connection, personnel from 78 out of 110 dental care units underwent a clinical neck examination and rated their
perceived work ability with the single-item question from the Work Ability Index. The study population consisted of
564 participants; 366 in the questionnaire group, 321 in the examination group, whereof 123 participated in both
assessments. In total 371 belonged to the intervention group and received individually adjusted prismatic spectacles after
the baseline assessments (inclusion based on self-selection) and 193 belonged to the reference group. At the 12-month
follow-up the clinical examination was repeated and the same questionnaire with additional questions was completed.
Fisher’s exact test or the Mann–Whitney U test was used to assess differences between the intervention group and the
reference group at baseline. Differences at follow up between the two groups were assessed by means of Linear-by
Linear association test for trends.
Results: A significant decrease in neck pain (p = 0.047), clinical diagnoses in the neck (p = 0.025), and perceived exertion
(p = 0.003) was observed at follow up for the intervention group compared to the reference group. Moreover, for the
intervention group a significantly improved self-rated work ability (p = 0.040) was reported. Finally, opting to wear
prismatic spectacles during dental work appeared to have a preventive effect on neck pain.
Conclusions: Dental personnel opting to wear prismatic spectacles reduced their neck pain significantly more at follow
up compared with the reference group. These results are worthwhile testing in a randomised design. The practical
implication of this study is that recommendations regarding ergonomics for dental professionals may include the
use of prismatic glasses, both as primary and secondary prevention of work-related neck pain. Such glasses should
also be tested in other working situations where the work tasks include high visual demands in sustained awkward
neck postures.
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Background
Symptoms and diseases in muscles and joints are com-
mon in the general population and thus constitute a
major public health problem [1–3]. A large proportion
of these symptoms/disorders, regardless of localisation,
may be work related [4–7]. Increased risk has been
demonstrated for both physical [8, 9] and psychosocial
factors [10–12]. A variety of physical exposures, con-
strained postures, workstation layout, and working
technique, have been identified as possible risk factors
[13–16]. All of these risk factors are frequently present
in dentistry, particularly during work in the oral cavity
[17]. Consequently, work-related neck/shoulder symp-
toms are very common among dentists and dental hy-
gienists around the world [5, 18, 19]. Studies focusing on
one major risk factor, namely exposure to extreme head
and neck forward flexion (≥45 °), have shown that 10 %
of the total working time during clinical dental work is
spent in this position [20]. The relationship between ex-
posure to excessive forward bending/flexion of the neck/
head (>20 °), and the risk of developing neck pain has
also been investigated in previous studies, showing a
doubled risk (RR = 2.0) of neck pain when working with
a forward neck flexion greater than 20 ° for more than
70 % of the working time [21]. The duration of a hazard-
ous exposure is also of importance for the risk of
developing neck pain at work [20, 22]. Neck posture
during dental work in the oral cavity is primarily gov-
erned by requirements on sight and precision, and ef-
forts have previously been made to improve equipment
ergonomically in order to obtain a more upright position
of the neck [23, 24]. However, clinical dental work in the
oral cavity still requires a rather pronounced forward
flexion of the neck to satisfy the visual demands of the
work task [25–27].
The significance of non-optimal viewing conditions in
the occurrence of symptoms in the neck/shoulders has
been demonstrated in several studies [28–31], as has the
impact of various kinds of lenses in conjunction with
visually demanding work [24, 31–33]. Eyeglasses with
prismatic lenses have been available on the market since
2007. These lenses are similar to bifocal lenses, but the
lower part of the lens is replaced by prisms that bend
the light path downwards; currently by 5 °. A small pilot
study (n = 15) on dentists with chronic neck pain (pain
duration longer than 6 month) in the Netherlands, al-
though not internationally published, has indicated that
the use of prismatic spectacles led to reduced discomfort
and a decrease in self-reported pain in the neck and
shoulders six months after the start of the intervention.
However, since this study lacked a reference group, the
results could only be interpreted with caution. In order
to explore the potential effects of the prismatic
spectacles on the exposure to forward neck bending in a
more appropriate way, a randomized controlled study
was carried out comprising 45 dentists/dental hygienists
in different municipal dental care units in the Region of
Västra Götaland in Sweden, serving 1.5 million inhabi-
tants in Gothenburg and the surrounding areas. The re-
sults showed that prismatic spectacles reduced exposure
to extreme forward bending of the head/neck during
clinical dental work [34], leading to the conclusion that
the use of prismatic spectacles may reduce the risk of
work-related neck pain/disorders in dental personal. The
above mentioned study led to the decision by this health
care region in 2010 to allocate funds for the general im-
plementation of prismatic spectacles in all dental care
units in the region. This enabled our research team to
follow the effects of this large-scale intervention in close
co-operation with the human resources department in
the region of Västra Götaland. Hence, the main aim of
this study was to investigate the effects on self-reported
neck pain, clinically diagnosed conditions in the neck,
perceived exertion, and self-reported work ability among
dental personal opting to use prismatic glasses during
clinical dental work.
Study design and procedure
In order to involve all stakeholders in the intervention,
an operational project group was formed. This group
consisted of one researcher (the first author of this
paper), one ergonomist, the head of the Human Re-
sources Department for all the dental clinics, and a co-
ordinator from the same human resources department,
all of whom were employed by the Västra Götaland Re-
gion, apart from the researcher. Finally, a representative
from the company supplying the prismatic spectacles
was also included in the project group. This group was
responsible for the implementation of the intervention.
Another group consisting of researchers (all authors of
this paper) was formed to organize and perform the sci-
entific evaluation of the intervention.
To evaluate the effects of the intervention, the group
given prismatic spectacles was compared with a reference
group not given prismatic spectacles in a longitudinal
study design. Both questionnaires and clinical examina-
tions were used in order to improve the reliability of the
outcome measurements, and thus attain results with high
credibility [35]. In the intervention group all measure-
ments, including the clinical examination, were performed
at baseline and 12 months after the intervention group
was given the glasses. Those belonging to the reference
group were examined clinically by the ergonomists twelve
months after the baseline examination was performed.
Study population
All dental clinics in the region were contacted by the hu-
man resources department, mutual for all the clinics. A
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coordinator in each clinic was responsible for spreading
the information about the project to all eligible
personnel (n = 1184). The coordinators were also re-
sponsible for receiving the declarations of interest from
potential participants and for sending them forward to
the human recourses department. The total amount of
money reserved for the implementation was enough to
support about 50 % of all the dentists, dental hygienists
and orthodontic assistants with prismatic glasses. Each
clinic could decide whether to participate or not.
Altogether, 78 out of 110 dental care units (71 %) within
the region were represented in the study. The final study
population included those 564 individuals (men n = 121,
women n = 443) who had reported interest in receiving
the prismatic glasses and had answered the question-
naire, both at baseline and at follow-up, or had attended
the clinical examination both at baseline and at follow-
up (or both of these; Fig 1). Three different dental pro-
fessions were represented, dentists (n = 355), dental hy-
gienists (n = 173) and orthodontic assistants (n = 36).
The proportion included from each profession repre-
sented these three categories employed by the dental
units in the Västra Götaland Region. Since each dental
unit was allowed to decide whether they would partici-
pate in the intervention or not, no randomization took
place. Further, all dentists, dental hygienists, and ortho-
dontic assistants who wanted to try the prismatic glasses
were offered them. The remaining subjects with these
occupations formed the reference group. The interven-
tion group consisted of 371 individuals and the reference
group comprised 193 individuals. Baseline data are given
in Table 1, for the two groups separately.
Methods
Baseline questionnaire
A baseline postal questionnaire comprising questions
about age, sex, profession, hours of clinical work per
week, frequency of complaints in the neck/shoulders
during the preceding 12 months, perceived exertion in
the neck/shoulders after a typical working day, perceived
comfort at work, was sent out to all dentists, dental hy-
gienists and orthodontic assistants (n = 1184) employed
by the Region of Västra Götaland. The questionnaire
was returned by 538 individuals (344 dentists, 153 dental
hygienists and 38 orthodontic assistants).
Frequency of complaints
The participants were asked about subjective musculo-
skeletal complaints from the neck and shoulder area
during the past 12 months. The response alternatives
were: a) never, b) 1–2 times/month, c) at least once a
week, and d) almost every day. In the analysis, alterna-
tives a and b were combined into one category (com-
plaints 2 times per month or less = unexposed), and
alternatives c and d were combined into another cat-
egory (once a week or more = exposed).
Perceived exertion
Perceived exertion during work was rated on a modified
Borg perceived exertion scale ranging from 0 to 14 [36].
In the analysis, the data were dichotomized at the median
value for the study population; participants scoring 0–7
were considered to have low exposure, and participants
scoring >7 were regarded as having high exposure [36].
Clinical examinations
The clinical examination at baseline was performed by
10 specially trained ergonomists from the occupational
health services in the region of Västra Götaland and
consisted of a short screening part and a detailed phys-
ical examination part. The detailed examination part was
only performed if the screening indicated ongoing symp-
toms. The examinations were conducted according to
the Health Surveillance in Adverse Ergonomics Condi-
tions HECO protocol elaborated to allow clinical diagno-
sis of neck and shoulder musculoskeletal disorders in
professions exposed to ergonomic risk factors and de-
scribed more in detail in a recently published paper by
Fig. 1 Distribution of the study population (N=564), of participants in the questionnaire survay (N=366), the clinical examination (N=321) and
both assessments (N=123), stratified by intervention group (prismatic glasses; N=371) and reference group (N=193)
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Jonker and co-workers [37]. All available dentists, dental
hygienists and orthodontic assistants in the participating
78 dental units were assessed. In total 452 individuals
were clinically examined at baseline.
Musculoskeletal pain
In connection with the clinical examination, the partici-
pants were asked to report subjective musculoskeletal
pain during the preceding 12 months, according to the
Nordic Musculoskeletal Questionnaire [38]. Informa-
tion was also collected on the frequency of neck
complaints during the past year on a 5-point scale (1 =
never, 2 = seldom, 3 = sometimes, 4 = often or 5 = very
often [39], as well as the intensity of pain on a ten-point
scale, from 0 (none at all) to 10 (extremely strong) [40].
A participant was considered to have substantial muscu-
loskeletal pain (subsequently referred to as pain) if pain
was reported at least “seldom” with an intensity of at
least 7 (very strong pain), or pain was reported “some-
times” with an intensity of at least 3 (moderate pain), or
“often” or “very often” with an intensity of at least 2
(slight/mild) [41].
Work ability
Self-rated work ability was measured according to the
single-item question from the work ability index by
Tuomi and Ilmarinen [42] in which the current work
ability is compared with the lifetime best, with a possible
score ranging from 0 (completely unable to work) to 10
(work ability at its best). This single item question has
been used frequently in clinical practice and research
[43, 44], and has been validated by Åhlström and co-
workers [45]. The response alternatives were dichoto-
mized such that responses ranging from 0 to 8 were
combined and characterized as reduced work ability, and
responses ranging from 9 to 10 were regarded as indicat-
ing good work ability.
Table 1 Baseline characteristics of the subjects given prismatic glasses and the reference group. Values presented are number (%) or
median (min-max)
Intervention group Reference group p-valuea
N = 371 N = 193
Women, n (%) 292 (79) 151 (78) 0.914
Age (years), n (%) 50 (23–66) 51 (23–73) 0.078
Profession, median (range)
Dentists 243 (65) 112 (58)
Hygienists 105 (28) 68 (35)
Orthodontic assistants 23 (6) 13 (7) 0.195
Questionnaire n = 236 n = 130
Dental work (hours/week), n (%)
0–29 75 (32) 49 (38)
30–40 161 (68) 81 (62) 0.299
Perceived exertionb n (%)
0–7 124 (53) 72 (58)
>7 110 (47) 53 (42) 0.437
Complaints frequencyc n (%)
2 times a month or less 83 (35) 58 (45)
Once a week or more 153 (65) 70 (55) 0.071
Clinical examination (HECO) n = 232 n = 89
Diagnoses in neck/shoulders, n (%) 39 (17) 6 (7) 0.020
Neck/shoulder paind n (%) 129 (56) 36 (41) 0.024
Work abilitye median (range) 9 (3–10) 9 (4–10) 0.588
aFisher’s exact test or the Mann–Whitney U test
b2 subjects missing in the intervention group and 5 subjects missing in the reference group
c2 subjects missing in the reference group
d1 subject missing in the reference group
e22 subjects missing in the intervention group and 11 missing in the reference group
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The intervention
An optician from the provider of the prismatic glasses,
and one of the trained ergonomists from the occupa-
tional health service coordinated their visits to the
dental care units. Individuals who had applied to partici-
pate in the intervention were given an eye test by the
optician. Participants in the intervention group were
then prescribed prismatic glasses. Optometric correction
was included when necessary. All participants were
given information by the ergonomist on specific working
techniques during a 10-minute session (e.g. shorter dis-
tance between the patient and the professional) [34].
Prismatic glasses enable the user to work in a more
upright position with a less bent neck, as described in
the introduction. A photo of the prísmatic glasses are
shown in Additional file 1. For more details concerning
the reduction of neck flexion obtained by the prismatic
spectacles we refer the reader to an earlier paper by
Lindegård and co-workers [34].
Follow-up measurements
Questionnaire
At the 12-month follow-up, the baseline questionnaire
was repeated including additional questions. They were
asked about which group they belonged to (the interven-
tion group or the reference group), and those in the
intervention group answered questions on the compli-
ance and usability of the prismatic glasses in various
working situations. Compliance was determined by
asking whether they had used the glasses “daily in all
kinds of dental work”. The response alternatives were
either yes or no.
Clinical examination
The follow-up HECO examination was carried out
12 months after the participants had received their pris-
matic glasses, by the same ergonomists who performed
the baseline examinations. The ergonomists had no
knowledge of which group the participants belonged to.
Among those who underwent the HECO examinations,
data on compliance are only available for those who also
filled in the follow-up questionnaire, since compliance
was not ascertained during the HECO examination.
Statistical analysis
Baseline characteristics are presented as number and
percent, or medians with minimum and maximum
values. Fisher’s exact test or the Mann–Whitney U test
was used to assess differences between the intervention
group and the reference group. Changes in frequency of
complaints, perceived exertion, musculoskeletal pain,
one or more diagnoses and work ability, compared with
baseline, were categorized into worse, unchanged or bet-
ter (based on dichotomised outcome measures). Changes
in the frequency of complaints and perceived exertion
were stratified by frequency of complaints (high/low) at
baseline for the subjects who had been given prismatic
glasses and stated that they used them on a regular
basis, as well as from the controls who participated in
the questionnaire/examination? (Table 3). Participants in
the questionnaire group who received prismatic glasses
but reported that they did not use them on a regular
basis were excluded from the analysis (n = 66). Data
from those who participated in the HECO examination
(both the intervention group and the reference group)
was also stratified according to neck/shoulder pain (yes/
no) at baseline (Table 4). In conformity with the proced-
ure described above, participants in the HECO examin-
ation group who received prismatic glasses but reported
that they did not use them on regular basis were ex-
cluded (n = 45). Stratification was carried out as we as-
sumed that individuals with pain or frequent complaints
would be more prone to try the prismatic glasses in the
first place, causing bias in the self-selection inclusion
procedure. Furthermore, symptomatic individuals, per
se, have greater potential for improvement with respect
to existing symptoms.
The changes are given as number and percent. Dif-
ferences between the intervention group and the
reference group were evaluated by means of Linear-
by-Linear association test for trends and a p-value
below 0.05 indicated statistically significant difference.
All statistical analyses were performed using SPSS:
IBM Statistics for Windows version 22 (IBM Corpor-
ation, New York, NY, USA).
Results
Baseline
At baseline, the intervention group reported a higher
prevalence of neck/shoulder pain (56 %, n = 129) and
also exhibited a higher prevalence of clinical diagnoses
in the neck/shoulders (17 %, n = 39), than the reference
group (40 %, n = 36 and 7 %, n = 6). Apart from this an-
ticipated difference (due to self-selection into the inter-
vention group), no other major differences were found
between the two groups at baseline (Table 1).
Follow-up
When analysing the results from the whole study group
(n = 564) we found significant improvements regarding
clinical diagnoses (p = 0.025), perceived exertion (p =
0.003), self-reported pain (p = 0.047) and self-rated work
ability (p = 0.040) in the intervention group compared to
the reference group (Table 2).
When the data from the questionnaire group were di-
chotomized into two groups: those with low or high fre-
quency of neck/shoulder complaints at baseline, the
results showed a significant improvement in perceived
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exertion for those in the intervention group with a high
frequency of complaints at baseline who used the pris-
matic glasses on a regular basis (p = 0.040), compared to
those in the reference group reporting the same fre-
quency of complaints at baseline (Table 3). Moreover,
the results for the high compliers with low frequency of
complains at baseline also indicated a trend (although
not statistically significant) towards a preventive effect of
the prismatic glasses, since this group showed less per-
ceived exertion over time compared to the reference
group (Table 3).
When dichotomizing according to neck pain at
baseline in those who underwent the HECO examina-
tions, the results from the pain group showed a
strong trend towards improvements regarding clinical
diagnoses (p = 0.006), and a significant improvement
in work ability (p = 0.002) in the intervention group,
compared to the reference group (Table 4).
Compliance in the use of the prismatic glasses was
fairly high over time. Approximately 75 % reported that
they used them on a regular basis (every day). Spontan-
eous comments from the participants in the intervention
group indicated that the greatest advantage of the pris-
matic glasses was during root-fillings and other vision-
demanding tasks in constrained postures.
Discussion
Principal findings
By using prismatic glasses in dental work it seem to be
possible, to reduce self-reported complaints, as well as
clinically defined diagnoses in the neck/shoulders among
dental professionals. Moreover, it is, according to our
results, possible to decrease self-reported perceived exer-
tion during clinical dental work, which was most prom-
inent among those who reported neck pain at baseline.
Furthermore, our results indicated less aggravation of
neck/shoulder symptoms in the intervention group than
in the reference group. Lastly, a significant increase in
self-reported work ability was seen among participants
in the intervention group compared to the reference
group 12 months after the implementation of prismatic
glasses in everyday clinical practice.
The results in relation to other studies
To the best of our knowledge, few other ergonomic in-
terventions have led to similar results with respect to
long-term effects on neck pain. According to the most
recent review of the effectiveness of physical ergonomic
interventions on neck pain, no differences are usually
found in the prevalence/incidence of neck pain between
workers who were the subject of an ergonomic interven-
tion and those who were not [46]. Furthermore, this ap-
plied to both the short-term (6 months) and in long-
term (12 months) perspective. However, there is a lack
of high-quality studies, partly due to the well-known dif-
ficulties associated with large-scale intervention studies
“in real life”, and thus outside the absolute control of the
research team. However, it is of the utmost importance
to resolve these problems if we are to elucidate and
validate the effects of ergonomic interventions in the
“natural” context.
The intervention in the present study was a classical
ergonomic intervention, where an available and previ-
ously evaluated intervention (prismatic glasses) was used
to reduce a well-known risk factor among dental profes-
sionals. The positive effects of prismatic glasses on ex-
posure regarding forward bending of the neck had
already been confirmed in a randomised controlled
study performed on a subgroup from the same study
population [34]. In contrast to these positive results a re-
cently published study on loupes, which until now have
been the most conventional way to solve ergonomic
Table 2 Changes between baseline and follow-up in prevalence
of symptoms and diagnoses in neck and/or shoulders for the
subjects who received prismatic glasses (Intervention) as well as
from the referents (Referent)
Intervention Referent p-valuea
Questionnaire n = 236 n = 130
Complaints frequency
Worse 21 (9) 26 (20)
Unchanged 123 (52) 57 (44)
Better 92 (39) 47 (36) 0.060
Perceived exertionb
Worse 55 (24) 44 (35)
Unchanged 49 (21) 33 (26)
Better 129 (55) 48 (38) 0.003
Clinical examination (HECO) n = 232 n = 89
Musculoskeletal painc
Worse 20 (9) 13 (15)
Unchanged 167 (74) 66 (75)
Better 39 (17) 9 (10) 0.047
One or more diagnoses
Worse 19 (8) 9 (10)
Unchanged 186 (80) 79 (89)
Better 27 (12) 1 (1) 0.025
Work ability
Worse 51 (25) 23 (30)
Unchanged 82 (40) 39 (51)
Better 71 (35) 14 (18) 0.040
aLinear-by-Linear Association
b3 missing in the intervention group and 5 missing in the referent group
c6 missing in the intervention group and 1 missing in the referent group
Values presented are number (%)
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problems, has concluded that wearing loupes have both
positive and negative effects on neck pain [32]. In our
experience, the way we performed this study, in two
steps at first the RCT-study on exposure than a popula-
tion based study on effects of the intervention is a con-
structive approach to convincing employers of the
benefits of investing in ergonomic interventions, in the
current economic climate. Similarly, a systematic review
of the effectiveness of interventions involving the use of
suitable chairs in the workplace to reduce musculoskel-
etal symptoms had identified the necessity of reliable
evidence of the benefits that can be expected from the
Table 4 Changes between baseline and follow-up among the participants in the clinical examination, in neck/shoulder pain,
diagnosed disorders and work ability. Data is shown for the Intervention groupa and the Reference group, stratified by neck/shoulder
pain at baseline (no/yes)
Neck/shoulder pain at baseline
No Yes
Intervention group Reference group p-valueb Intervention group Reference group p-valueb
Clinical examination (HECO) n = 85 n = 52 n = 102 n = 36
Musculoskeletal painc
Worse 15 (18) 13 (25)
Unchanged 68 (82) 39 (75) 0.386 67 (68) 27 (75)
Better 32 (32) 9 (25) 0.527
One or more diagnoses
Worse 7 (8) 3 (6) 7 (7) 6 (17)
Unchanged 78 (92) 49 (94) 0.742 74 (73) 29 (81)
Better 21 (21) 1 (3) 0.006
Work abilityd
Worse 16 (22) 8 (20) 23 (25) 15 (42)
Unchanged 38 (51) 22 (55) 32 (34) 17 (47)
Better 20 (27) 10 (25) 1.000 38 (41) 4 (11) 0.003
a45 participants who were given prismatic glasses but reported that they did not use them on a regular basis were excluded
bLinear-by-Linear Association
cFive subjects missing in the intervention group; whereof two without pain and three with pain at baseline
dTwenty subjects missing in the Intervention group (11 without pain and 9 with pain at baseline). Twelve subjects from the Reference group missing, all without pain
Values presented are number (%)
Table 3 Changes between baseline and follow-up among participants in the questionnaire survey, in frequency of neck/shoulder
complaints and perceived exertion. Data is shown for the Intervention groupa and the Reference group, stratified by frequency of
complaints at baseline
Frequency of complaints at baseline
Twice a month or less Once a week or more
Intervention group Reference group p-valueb Intervention group Reference group p-valueb
Questionnaire n = 60 n = 58 n = 110 n = 70
Frequency of complaints
Higher 7 (12) 18 (31) 5 (5) 8 (11)
Unchanged 42 (70) 29 (50) 49 (45) 28 (40)
Lower 11 (18) 11 (19) 0.112 56 (51) 34 (49) 0.392
Perceived exertionc,d
Worse 19 (33) 22 (41) 19 (17) 22 (32)
Unchanged 10 (17) 17 (31) 27 (25) 15 (22)
Better 29 (50) 15 (28) 0.083 64 (58) 32 (46) 0.040
a66 participants who were given prismatic glasses but reported that they did not use them on a regular basis, were excluded
bLinear-by-Linear Association
cTwice a month or less; 2 subjects missing in the intervention group and 4 missing in the reference group
dOnce a week or more; 1 subject missing in the reference group
Values presented are number (%)
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investments associated with such interventions [47]. An-
other systematic review has previously pointed out that
many intervention studies are of low quality since they
lack information on compliance or do not report those
data [46]. In our study, we were able to follow the self-
reported compliance with the prismatic glasses 12 month
after the intervention. This enabled us to confirm that
the long-term effects of the intervention on neck pain
and neck diagnoses were even better when only partici-
pants with good compliance were included in the data
analysis. The high compliance reported by the interven-
tion group, together with spontaneous comments re-
garding the facilitative effects of the glasses in everyday
work, indicated that the beneficial effects on neck pain,
perceived exertion and visual comfort outweighed initial
problems of adjustment such as optical phenomena,
poor fitting, feeling of dizziness, etc.
The significant decrease in self-reported exertion
among participants in the intervention group who re-
ported neck pain at baseline, and the tendency towards
the same decrease (although not statistically significant)
among those who reported more occasional episodes of
neck pain (≤2 times a month) indicated both a primary
preventive effect as well as secondary effect of the pris-
matic glasses on neck pain. Previous research has identi-
fied the importance of reducing perceived exertion since
high perceived exertion during work has been identified
in earlier studies as a predictor of future pain and long-
lasting pain/symptoms in the musculoskeletal system,
both in professions with similar exposure to vision-
demanding work tasks (computer users) [36], and in
those exposed to more “traditional” physical loads (heavy
lifting among assistant nurses) [48].
Finally, our results showed a significantly increased
self-reported work ability in the intervention group com-
pared to the reference group. It is likely that the de-
crease in neck pain in the intervention group was a
major contributor to the increased work ability. Since
there may be other unknown factors influencing the par-
ticipants’ perception of work ability, this result should
be interpreted with caution. However, several studies
have explored the relation between work ability, and
musculoskeletal pain either in combination with, for
instance, stress or pain alone. The conclusion of this
study is that musculoskeletal pain in itself is negatively
related to perceived work ability [49, 50].
Strengths and weaknesses of the study
The major strength of this study is the longitudinal de-
sign. Another strength is the relatively long follow-up
period (12 months), which allowed us to explore the
long-term effects of the intervention. Also the use of
two different assessment methods could be considered
as a strength.
An obvious limitation of this study is the lack of
randomization between the two groups. Such an ap-
proach was not possible due to organizational and finan-
cial reasons. However, from a practical point of view,
studies performed in a clinical setting are much needed
because they have a high degree of external validity and
provide findings that are more generalizable than those
obtained from randomized controlled studies. Not sur-
prisingly, subjects with ongoing pain volunteered to a
higher degree than others to try the prismatic spectacles.
When stratifying by pain status at baseline, we found a
clear reduction in symptoms resulting from the use of
prismatic glasses among those with ongoing pain, and a
tendency towards reduced perceived exertion among
those without pain who used the glasses on a regular
basis. Furthermore, since the baseline measurements
showed no major differences between the intervention
group and the reference group concerning other relevant
background factors, we consider the results reliable.
Another limitation could be the dichotomised hand-
ling of the data which might have reduced the amount
of available information, and thus affected the sensitivity
of the outcome measures. However, we made the evalu-
ation that in this clinical context this approach would be
reasonable to use.
In order to avoid possible examiner bias concerning
the HECO examination before and after the interven-
tion, the participants were told not to reveal to the er-
gonomists which group they belonged to at any time.
However, despite this precaution, we are aware of the
possibility of potential bias. Finally, the use of two differ-
ent methods, an objective method (clinical examina-
tions) and a subjective method (self-reported data) with
respect to our outcomes is, in our opinion, a strength
since the two methods point in the same direction.
Possible mechanisms and practical implications
We believe that the mechanism responsible for these
findings, is largely the reduction in exposure to extreme
forward bending of the neck resulting from the use of
prismatic spectacles. Furthermore, a more relaxed work-
ing technique due to better visual ergonomics might ex-
plain part of the decline in neck pain. However, it could
not be completely ruled out that the effects also could
relate to unspecific factors involving different aspects of
being paid attention to (Hawthorne effect). But, since
our results are to a great extend built on clinical exami-
nations and not only self-reports this potential bias was
in our opinion minimized.
Conclusion
Thus, the conclusion of this study is that dental
personnel opting to wear prismatic spectacles reduced
their neck pain significantly more at follow up compared
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with the reference group. Furthermore, it is worthwhile
testing in a randomised design in order to be able to
confirm this conclusion. The practical implication of this
study is that recommendations regarding ergonomics for
dental professionals should include the use of prismatic
glasses, both as primary and secondary prevention of
work-related neck pain. Such glasses should also be
tested in other working situations where the work tasks
include high visual demands in sustained awkward neck
postures.
Additional file
Additional file 1: Photo of prismatic glasses. (DOCX 118 kb)
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